WHAT'S KNOWN ON THIS SUBJECT: Among adolescents, weight status has been inversely associated with sports participation but not active commuting or physical education. Studies of each form of physical activity have not included adequate adjustments for other physical activities, previous body weight, or diet quality.
Increasing physical activity among youth is an essential component of the broad strategy needed to curb the obesity epidemic. Many forms of physical activity could be targeted, including extracurricular physical activities, physical education (PE), and active commuting. Given limited funding for schools and public health efforts, identifying forms of physical activity that most effectively reduce overweight/obesity is important.
Extracurricular physical activity includes sports and other organized out-of-school activities (eg, dance). Sports participation has been inversely related to overweight/ obesity [1] [2] [3] [4] [5] [6] with some variation by sport. 5, 7 Elkins et al 7 found that football was associated with an increased risk of overweight/obesity, whereas basketball, track, and cheerleading were associated with a decreased risk of overweight/obesity. After Title IX' s passage (1972) , which banned gender discrimination in academic and athletic programs, sports participation among high school girls increased by 600%. This increase was linked to increased physical activity and decreased BMI in high school girls. 8 Additionally, childhood sports participation has consistently predicted future physical activity and body weight up to 21 years later. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] US children walk/bike to school and other places less than they did 20 to 30 years ago. 19 In 2001, ,16% of children aged 5 to 15 actively commuted to school, compared with 48% in 1969. 20 In an effort to increase active commuting to school, the US federal government has invested over $100 million dollars per year in the Safe Routes to School program since 2005. 21 Although there may be other benefits associated with active commuting to school, to date there is scant evidence that it reduces childhood obesity. 20, 22 A systematic review of active commuting to school in elementary school children 23 revealed that active commuters were more physically active than their peers in 11 out of 13 studies, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] but only 1 study revealed an inverse relationship with BMI. In that study, active commuting among fourth graders was associated with a lower BMI at baseline but did not significantly predict overweight/obesity at baseline or 2 years later. 31 Studies of high school students have not supported an association between active commuting to school and overweight/obesity. 27, 35 PE has been associated with increased physical activity and decreased body weight among elementary school students, 36, 37 and increased physical activity but not decreased body weight among high school students. 38 The authors of 1 experimental study examined the effects of an enhanced PE program in high school students and found similar results; the PE program significantly increased physical activity, but a change in body weight was not detected. 39 In this study, we aimed to determine the extent to which different forms of physical activity were associated with weight status among high school students, after adjusting for diet quality and individual characteristics. Our approach differed from previous studies because we concurrently examined the influence of multiple forms of physical activity on high school students' BMI while adjusting for their previous body weight.
METHODS

Survey Design
The data come from adolescent and parent telephone surveys conducted during a 7-year longitudinal study of adolescent health that has been previously described. [40] [41] [42] Briefly, we con- In 2002-2003, we surveyed 87.0% (n = 3705) of students enrolled in grades 4 to 6 at 26 randomly selected New Hampshire and Vermont public schools. Subsequently, we enrolled 71.0% (n = 2631) of these students into a longitudinal telephone survey of adolescentparent dyads. We completed follow-up surveys at wave 4/5 with 2009 adolescents, of whom 85.5% (n = 1718) were enrolled in high school during 1 of the waves and had data for the primary outcome. At each wave, trained interviewers surveyed adolescents and their parents by using a computer-assisted telephone interviewing system. Interviewers obtained parent consent and adolescent assent before each round of surveys. In all but a few instances, we surveyed adolescents before their parents. We preferentially surveyed mothers for consistency across waves; if no mother lived in the household, we surveyed the adolescent's primary caregiver instead.
Because sport and physical activity opportunities differ substantially between middle and high school, and we had few middle school students, we confined the analysis to high school students. We used data from the wave corresponding to when adolescents first enrolled in high school; wave 4 responses were used for 1178 adolescents, and wave 5 responses for 540 adolescents. Our final sample of 1718 adolescents resembled the baseline sample in terms of the proportion of boys (49.4% vs 51.5%, respectively), the proportion of white participants (91.5% vs 89.9%, respectively), and the baseline weight-for-age z score (mean = 0.5, SD = 1.1, for both).
Measures
Whenever possible, we adapted survey questions from previously validated ARTICLE instruments. [43] [44] [45] [46] All surveys were pretested for telephone administration and comprehension. Measures of height, weight, physical activity, and the majority of covariates were collected from adolescents at wave 4/5. Variables were also collected from parents at wave 4/5 (parent education, parent income, single-parent household, and adolescent height and weight) or baseline (adolescent weight).
Adolescent Weight Status
We used the Centers for Disease Control and Prevention' s SAS macro 47 and adolescent height, weight, gender, and age to calculate gender-specific BMI-forage percentiles. Two risk-based cutoffs were used as outcomes: (1) overweight/ obese, defined as greater than or equal to the 85th percentile, and (2) obese, defined as greater than or equal to the 95th percentile. 48 For the majority (n = 1003) of adolescents, we used self-reported height and self-reported scale weight to calculate BMI percentiles. We used self-reported weight (n = 649) only if self-reported scale weight was unavailable. For 3.8% of the sample, we used parent report of adolescent height and weight (n = 27) or a combination of self and parent report of adolescent height and weight (n = 39) from wave 4/5 because adolescent values were missing or adolescent self-report was deemed physically impossible based on growth charts and values from other waves. Adolescents' ages were calculated based on the survey date and their date of birth.
Forms of Physical Activity
Sports Teams
We measured the number of sports teams adolescents participated on by asking: "In the past 12 months, on how many sports teams did you play?"
Other Extracurricular Physical Activity
We measured other extracurricular physical activity by asking adolescents, "In the past 7 days, what was the total amount of time you spent doing physical activities like dancing, drill team, marching band, or playing games with your friends; for example capture the flag, paint ball, Frisbee?"
Active Commuting to School
We measured active commuting to school by asking adolescents, "On average, how many days a week do you [walk/bike] to or from school in the [fall/winter/ spring]?" We calculated the average by multiplying the number of days participants biked/walked per week in each season by the number of weeks in each season.
Active Commuting to Other Places
We measured active commuting to other places by summing adolescents' responses to 6 questions: "On how many of the past 7 days did you walk or ride your bike to or from…(1) a friend' s house? (2) a store? (3) work? (4) a place where you exercise? (5) an after school activity? (6) another place you needed to get to?"
PE
We measured participation in PE by asking adolescents, "On how many of the past 7 days did you go to physical education, or PE, class at school?"
Recreational Physical Activity for Fun
We measured recreational activity for fun by asking adolescents, "In the past 7 days, what was the total amount of time you spent doing any other physical activities you do for fun, that you haven't already told us about; for example bike riding, skating, hiking, snowshoeing, or hunting?"
Football Participation
Football participation was considered a potential moderator of sports participation because, in contrast to other sports, football has been consistently shown to have a positive association with BMI. 5, 7 Adolescent boys who reported playing football in response to the question: "Can you please tell me what physical activities you did during the Fall?" were classified as football players.
Covariates
We measured and adjusted for the following covariates: adolescent demographics (gender, grade in school, and race [white/nonwhite]); screen time; academic performance; employment status; diet quality (fast food, fruit and vegetable consumption over the past week); baseline weight-for-age z score; and family socioeconomic status (parent education, annual household income, and single-parent household status). We measured screen time by summing adolescents' responses to the questions: "What was the total amount of time you spent in the past 7 days watching TV, DVDs, or videos?" and "What was the total amount of time you spent in the past 7 days playing videogames or using the computer for things other than homework?" To assess academic performance, adolescents were asked, "How would you describe your grades in school?" Response options included "below average," "average," "good," and "excellent." Because of few responses, we grouped "below average" We used parent report because we did not ask children to report their weight in previous survey waves. We used weight-for-age z scores instead of BMI percentiles because parents more reliably estimated their children' s weight than height at baseline.
Statistical Analyses
Relationships between forms of physical activity were examined by using correlation coefficients. We used Poisson regression to determine risk ratios, with robust 49 cluster 50 variance estimates to account for the binomial outcome variable 51 and the within-school correlation. Initially, we examined overweight/obesity and obesity as a function of each variable separately. Next, we examined overweight/obesity and obesity as a function of all variables simultaneously. We categorized all count variables based on their distributions, but truncation yielded similar results. We estimated attributable risks with bootstrapped confidence intervals (CIs) by adjusting rates of sports team participation and active commuting to school and associated changes in overweight/obesity and obesity. All analyses were conducted in Stata version 11 (StataCorp LP, College Station, TX).
RESULTS
About half of the adolescents were girls (50.6%) and the majority were in the ninth (62.8%) or 10th (27.9%) grades (Table 1) . Twenty-nine percent (n = 498) were overweight/obese and 13.0% (n = 223) were obese. Almost three-quarters of the participants played on sports teams: 17.4% played on 1 sports team, 18.6% on 2 sports teams, and 35.3% on 3 or more sports teams. Active commuting to school was less common than sports team participation, only 10.2% walked/biked to school more than 3.5 days per week, and 69.3% never walked/ biked to school. Participants who walked/biked to school were more likely to walk/bike to other places (r = 0.46, P , .001). Many forms of physical activity were significantly correlated to each other but to a lesser extent than the active commuting variables (rs , 0.22).
In unadjusted models, significant negative predictors of both overweight/ obesity and obesity included sports team participation, other extracurricular physical activity, academic performance, fruitand vegetable consumption, parental education, and annual household income (Table 1 ). Significant positive predictors included football participation, gender (boy), screen time, weightfor-age at baseline, and living in a single-parent household.
In adjusted models, sports team participation was the only form of physical activity with an inverse relationship to both overweight/obesity and obesity (Table 2) . Adolescents who played on 3 sports teams or more in the last year were 27% less likely to be overweight/ obese and 39% less likely to be obese compared with adolescents who did not play on any sports teams. Although active commuting to school was not significantly related to overweight/obesity, it did have a significant inverse association with obesity. Adolescents who walked/biked to school more than 3.5 days per week were 33% less likely to be obese compared with adolescents who never walked/biked to school.
The attributable risk calculations indicatethat,afteradjustingforallcovariates, including baseline weight-for-age z scores, the prevalence of overweight/ obesity would decrease by 10.6% (95% 
DISCUSSION
Compared with other forms of physical activity, sports participation had the strongest, most consistent inverse relationship with elevated weight status. High school sports participation typically involves regular practices and competitions, leading to consistent moderate to strenuous activity, which may explain the strength of its relationship with weight status compared with other forms of physical activity. Our finding supports previous research demonstrating sports were related to a substantially lower risk of both overweight/obesity and obesity. [1] [2] [3] [4] [5] [6] Because of adjustments, our estimate may more accurately reflect the influence of sport team participation compared with cross-sectional studies of US adolescents, which revealed larger effect sizes. 6 Our finding that active commuting to school was inversely related to obesity differs from previous studies that did not support this relationship. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] Our large sample size provided more power to detect a relationship compared with smaller studies [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] and enabled us to examine relationships between active commuting and obesity, not just BMI or overweight/obesity. 31, 33, 34 Our result was only statistically significant after adjustments, indicating previous studies may not have detected the relationship because important covariates were not included. Specifically, adjusting for socioeconomic status variables and other forms of physical activity (especially active commuting to other places) largely influenced the effect of active commuting to school. Authors of future studies should examine this association with detailed measures of active commuting to other places.
Our results did not support a relationship between high school PE and adolescent weight status, which is consistent with previous research. 38, 39 PE classes may not involve a substantial enough duration or intensity level of physical activity to affect overall energy balance in high school students, 38 ,39 but we were unable to examine this based on the measure we 
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used. In contrast, PE for younger children has been shown to be protective against overweight/obesity. 36, 37 More detailed assessments of PE activity levels may be needed to understand why PE appears to be more protective for younger children.
The main limitation of this study was our reliance on self-reported measures of height, weight, and physical activity. Among adolescents, obesity prevalence based on self-reported height and weight has been 17% to 43% lower than obesity prevalence based on measurements. [52] [53] [54] [55] Underestimation of the true prevalence would decrease our ability to detect significant associations unless there was related bias in self-report of specific forms of physical activity.
Reporting bias for most forms of physical activity remains unknown; however, self-report of sports participation has been shown to be accurate. 56 Cutoffs based on BMI do not take body composition or fat mass into account, possibly masking the protective impact of physical activities that build muscle mass. We did not examine specific sports (other than football) or account for intensity levels of any of the physical activities.
Comparisons were slightly more difficult because we used different units and time frames to measure each form of activity (eg, number of sports teams in the past year versus hours of screen time in the past week), but our question wording was appropriate for each activity. Despite these limitations, our comparisons still provide useful metrics for evaluating potential interventions.
Our adjustment for baseline, genderspecific, weight-for-age z scores strengthened this study. Although the majority of data were collected from a single time point, this longitudinal component of our analysis made reverse-causality less likely. Adjusted relative risks are interpreted with the stipulation that adolescents' previous body weight is held constant. Because of this adjustment, we believe an attributable risk calculation is appropriate and provides a useful metric for weighing the merits of potential interventions.
Our findings suggest that sports participation substantially impacts weight status. For example, the prevalence of obesity in this sample would decrease by ∼26% (95% CI: 9.4%-42.8%) if all the adolescents played on at least 2 sports teams per year. Active commuting to school may also influence weight status. Our findings indicate the prevalence of obesity would decrease by ∼22% (95% CI: 0.1%-43.3%) if adolescents walked/biked to school 4 to 5 days per week. However, because we did not detect an association when using the overweight/obesity cutoff, active commuting to school may have a protective effect only for adolescents who are near the 95th BMI-for-age percentile cutoff.
Nationwide, ∼60.3% of high school students participate in sports 57 and 34.2% are overweight/obese, 58 compared with 71.3% sports participation and 29.0% overweight/obese in this study. Our estimates of the potential benefit of increasing sports participation would be even higher in areas with lower rates of sports participation and higher rates of overweight/obesity, as in most of the country. Due to shrunken school budgets, school sports have been reduced or cut in many areas. 59, 60 Our findings suggest that this may exacerbate overweight/obesity rates because other forms of physical activity do not appear to be as effective in preventing excess weight among adolescents.
CONCLUSIONS
Sports participation was inversely associated with overweight/obesity and obesity, even after adjusting for previous body weight. Increasing opportunities for all adolescents, regardless of athletic ability, to participate in sports should be prioritized for obesity prevention. Although authors of future studies should examine active commuting to school by using detailed measures of active commuting to other places, our findings offer evidence that active commuting to school may also prevent obesity, supporting efforts to enhance neighborhood connectivity around schools.
